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ABSTRACT 
A radioisotopic method uti!jzing rubidium-86 was used to determine the exchangeable 
b lood flow (EBF) in rat skin. Dorsal skin pedicle 11aps were used as a s tandard model for 
traumatized skin. Forty-eight hours following the surgical formation of the pedicle flaps , EBF 
was fow1d to be more than double the normal value in the area of traumatized s kin 
s urrounding the pedicle flaps. T opical application of a LO?r solution of dimethy l s ulfoxide 
(DMSO) did not affect EBF, but 7011· DMSO s ignificantly increased EBF of no rmal 
untraumatized back s kin. Abdominal s kin from the same animal s howed n o a lteration in 
EBF. Thus , DMSO increased EBF only in the area of topical application. By contrast . 701?f 
DMSO did not affect EBF in traumatized s kin , and 10% DMSO actually decreased EBF to 
both the flap and surrounding skin. Although topical application of 10% or 70% DMSO is 
known to inhibit n ecros is of skin pedicle l1aps in rats, the present data indicate that s uch 
inhibition is not mediated by a DMSO-induced increase in nutritive blood flow. 
Numerous s tudies have shown that dimethyl 
sulfoxide (DMSO) promotes the survival of meta-
bolically jeopardized tissues [1- 5 ]. ln particular, 
the s kin pedicle flaps treated with DMSO s uffer 
less necros is than saline-treated controls [21. and 
pieces of skin frozen in a 10% DMSO solution 
s urvive better as autografts than s kin frozen in 
0.9% NaCl [3]. Explanations for these intriguing 
actions of DMSO have included reversible enzyme 
inhibition [6, 7] . potentiation of steroid effects [8], 
and augmentat ion of b lood flow to the compro-
mised tissues [1, 4[. We have investigated this last 
possibility by using a radioisotopic method to 
estimate exchangeable blood llow <EBF) in normal 
and traumatized skin a fter treatment with DMSO . 
MATERIALS A:-10 METHODS 
This is a companion study to one reported previously 
in which DMSO treatment was shown to improve the 
survival of rat skin pedicle flaps [2] . Many of the animals 
were littermates of those used in the earlier investigation. 
Rat dorsal skin pedicle flaps were used as models of 
traumatized skin. The skin between the scapulas was 
incised on each ether-anesthetized 200-gm female Wista r 
rat, as described previously [1. 2]. The rats used in these 
experiments were members of a line·bred strain of WisLar 
rats maintained in this laboratory for more than seven 
generations. The skin and subcutaneous tissues over the 
animal's back were separated from the underlying muscle 
by blum dissection . Two longitudinal s kin incisions were 
made to create a pedicle of skin that was three times as 
long as wide and intact only at its caudal end. The 
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pedicle was replaced in its original bed; its edges were 
reattached to the surrounding ski n edges with inter· 
rupted silk sutures. The only uninterrupted vascular 
supply to the flap was through its caudal skin attach· 
ment. 
In the 48·hr period after creation of the pedicle naps, 
10 animals received five dorsal applications of .J ml of 
0.9% NaCl. the last application being made 12 hr before 
the blood now was measured. A second and third group of 
animals received identical treatment with IO"'r D:YISO 
(1.4 M) in 0.9"! NaCI. and iO"f DMSO (9.8 Ml in 0.9'J( 
NaCl. respectively. 
Blood now was determined .J8 hr after operat ion. an 
ideal time since such flaps became necrotic after 72 hr 
[1] . Any s hort-term effects of DMSO were avoided by 
postponing measurements unt il 12 hr after the last 
topical application of DMSO. These conditions were 
chosen to approximate the state of the free skin graft that 
had been stored in a DMSO -containing solution and then 
sutured to the host graft bed without (urther DMSO 
treatment [3[. 
Possible age variations in hair cycles and skin blood 
flow were minimized by using animals between 52 and 55 
days old. In the age range of 50 iO days. the average 
blood flow per gram of skin is relatively constant in 
female Wistar rats (Goldman. unpublished datal. The 
average weight of female rats of this age is 200 gm. 
Twenty-seven intact rats served as untraumatized 
controls. These rats had 0.9'~ :-.laC!, 10'} DMSO. or iO!j 
DMSO applied to the shaved. intact dorsal skin by the 
same method used in the rats with dorsal pedicle flaps. 
A modification [lOI of Sapirstein's technique for mea-
suring nutritive blood flow 191 was used to compare the 
skin perfusion among these an imals 48 hr after opera! ion. 
q'he rationale for this relatively simple met hod of esti· 
mating tissue perfus ion has been described elsewhere [91. 
Briefly, the method assumes that the amount of indicator 
(rubidium-86) taken up by skin or other tissue is prnpor-
tional to the exchangeable blood tlow through that tissue. 
This condition exists only when the tissue has the same 
extract ion ratio for the indicator as the whole body. If the 
tissue uptake of ""Rb remains unchanged despite contin· 
uing recirculatinn during the 30-sec interval between the 
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intravenous injection of the isotope and the death of the 
animal. then the extraction ratio of the tissue must equal 
the extraction ratio of the body as a whole. Under these 
conditions. the fraction of the injected dose of "Rb in a 
particular sample of skin can be considered to be an 
estimate of the fraction of the cardiac output which 
exchanged diffusible nutrient substances with that tissue 
approximately 20 sec before death 19]. Blood tlow in 
arteriovenous shunts is not measured by this method. As 
a consequence, the tissue !low fraction of the cardiac 
output determined by this method is considered to be an 
estimate of the nutritive blood now to that tissue. 
For the measurement of blood flow, each animal was 
anesthetized with 40 mg/kg pentobarbital sodium. uRb 
(50 microliters, 15 microcuriesl was injected into the 
right femoral vein, and the animal was killed 30 sec later 
by inject.ion of 0.3 ml of saturated KCl solution into the 
left femoral vein. The flap, the skin surrounding the !lap, 
and a piece of abdominal skin were excised separately, 
weighed immediately, and counted for radioactivity in a 
Packard automatic gamma counter. Ln ammals without 
pedicle flaps, intact back and abdominal skin samples 
were treated in like fashion. 
Nutritive blood !low fractions were measured in a total 
of 55 animals. An additional 22 animals were used to 
show that skil1 uptake of .. Rb was constant for 30 sec 
after intravenous delivery. thus establishing the utility of 
••Rb as an indicator of s kin blood flow 19]. 
TABLE 1 
Effect of trauma on rat skin nutritive blood flow 
A. Normal Skil1 
Intact back skin 
Abdominal skin 
B. TTaumatized Skin 
Total pedicle flap 
Skin surround ing !lap 
0.151 ± .039 (7) 
0.194 ± .Ol5(li) 
0.159 ± .022 (10) 
0.354 ± .023 ( 10) • 
• P < .001 compared to intact back skin. 
Values are expressed as percent of cardiac output per 
gram of tissue "' S.E. 
RESUI.T~ 
Table I compares the EBF in normal and trau-
mat.ized skin. The traumatized skin surr.ounding 
the pedicle flap had an EBF more than double that 
of the intact back skin in the control animals. The 
EBF in the dorsal skin flap itself, although seem-
ingly not different from that of intact. untrauma-
tized back skin, actually represented the average 
flow along the length of the skin flap and included 
some flow to the base of the flaps (which must have 
been identical to the higher 11ow to Lhe immedi-
ately surrounding skin). as well as the minimal 
flow to the end of the flap which ultimately would 
become necrotic and slough. Since there was no 
significant difference between the EBF in the 
abdominal skin of either intact or traumatized 
rats. all abdominal skin values were averaged and 
listed a.s "normal skin." The EBF of intact back 
skin was unchanged by topical application of lO'Jl 
DMSO, but was significantly increased by 70'!} 
DMSO (Table II). When topically applied to intact 
back skin, 70% DMSO did not significantly in-
crease the EBF to the abdominal skin on the same 
animals (Table Ill. Table lU shows that although 
7o<il-. DMSO did not alter the EBF to traumatized 
skin areas, the topical application of 10% DMSO 
actually reduced EBF 48 hr after formation of the 
pedicle flaps. 
OISCCSSIO:.. 
Previously, we reported that three topical 
DMSO applications per day reduced the expected 
severe necrosis of skin pedicle flaps [2]. Although 
the results of this preliminary sl udy agreed with 
the results obtained by another group [1], more 
recently we have been unable to find consistent 
reduction of necrosis in flaps treated with either 
10% or 701?1 DMSO in 100 commercially purchased 
TABLE 11 
Effect of topical DMSO on nutritive blood flow of intact rat skin 
Solui ion applied 10 back sk1n 
Saline tOr; OMSO 70"' OMSO 
Back Skin 0.151 ±. .039 (i) 0.167 ±. .018 ( 121 0.292 ~ .036 (8)' 
Abdominal Skin 0.194± .015(17) 0.181 ± .018(2 1) 0.216 .± .013 !171 
• P < .02 compared to saline-treated back skin. 
All values represent percent of cardiac output per gram of tissue ± S.E. 
TABLE ITI 
Effect of DMSO on nutritit•t blood flow of traumatized rat skin 
Solution applied to skin pedicle flap 
So line lOr; DMSO iO<; OMSO 
Dorsal Skin Flap 0.159 ± .022 (10) 0.099 ± .0:32 (9)• 0.174 ± .030(9) 
Skin Surrounding Flap 0.354 ± .028 ( lO) 0.251 ± .026 (9)' 0.450 ± .056 !9) 
• P < .01 compared lo respective saline-treated skin. 
Values are given as percent of cardiac output per gram of tis.o;ue ±. S.E. 
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SALINE 10% 0\ISO 70% DMSO 
FtCOliRF.. Dorsal skin pedicle 11ap two weeks after opera 
uon The dark portion indicates the necrotic area of the 
flap. In flaps with a singlt• major artery entering the 
l'audal end. skin necros is was regularly reduced by 
topical application of 10~, or 70S DMSO. 
rats . This discrepancy is explained by the readily 
observable variations in llap vasculature seen in 
the latter group of animals [111; their flaps were 
variably nourished by either one or two major 
arteries entering through the caudal attachment of 
the flap. By contrast, every rat in the series of 20 
described here had only one major artery entering 
the llap through its caudal attachment. This 
anatomic uniformity underlines the desirability of 
maintaining genetically consistent trains of labo-
ratorv animals. The rats used for the blood tlow 
studi-es were, in many cases, littermates of the rats 
used for the gross llap s urvival study illustrated in 
the Figure. 
Contrary to our expectations, 10':< DM 0 
reduced-not increased-nutritive blood flow to 
the flap and surrounding skin. Yet these flaps 
survived as well as those treated with saline, and 
even better when they were uniformly vascularized 
[1. 2 [. There of course exists the possibility that 
DMSO improved the circulation to the skin by 
somehow augmenting blood llow in shunts. a 
condition not detectable by our method. Since, 
however, free skin grafts also gurvive better after 
storage in 10'1 DMSO than in saline 131. and. 
unlike flaps, are devoid of any collateral cirC'ula-
tion for as much as 48 hr after grafting [12[, our 
findingb suggest that OM 0 must have had some 
beneficial effect on tissue survival other than 
improved nutritive blood !low. 
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